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DEVELOPMENT OF DATA PROCESSING, INTERPRETATION AND 
ANALYSIS SYSTEM FOR THE REMOTE SENSING OF 
TRACE ATMOSPHERIC GAS SPECIES 
BY 
Joseph C. Casas,l Mary S. Saylor,* and Earl C. Kindle3 
INTRODUCTION 
The Cooperative Agreement, NCC1-34, between the NASA/Langl ey Research 
Center (LaRC) and Old Dominion University ( O D U )  , entit led "Development of 
Data Processing, Interpretation and Analysis System for Remote Sensing of 
Trace Atmospheric Gas Species," represented a major research effor t  since 
i t s  award in January 1980. Research done under th i s  Cooperative Agreement 
was a followup t o  work performed under NASA grants NSG-1127 and NSG-1395, 
"Data Reduction Analysis and Application Technique Development for Atmo- 
spheric Trace Gas Constituents Derived from Remote Sensors on Sa te l l i t e  or 
Airborne P1 atforms." A progress report describing in i t i a l  accompl ishments 
under t h i s  CGGperatjve Agrement was s & m i t t e d  t o  t h o  Technic-' Monitor 
June 1982. 
The major enphasis o f  this  investigative research was the advancement 
of remote sensing technology. In particular, the gas f i l t e r  correlation 
radiometer ( G F C R )  technique was applied t o  the measurement of trace gas 
species, such as carbon monoxide ( C O ) ,  from airborne and Earth orbiting 
platforms. 
k m ) ,  high alt i tude aircraf t  f l ights  ( 8  km t o  12  k m ) ,  and orbiting space 
platform f l ights ,  d a t a  were collected and analyzed, culminating in the f i r s t  
Through  a series of low altitude aircraf t  f l igh ts  (1 km t o  6 
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Uni- 
Uni- 
global map of carbon monoxide concentration i n  the middle troposphere and 




Research personnel had significant responsibility i n  four major areas 
I 
I of this  remote sensing program known as the Measurement of Air Pollution 
I 
from Sate1 1 i t es  (MAPS) experiment. These areas were: 
(1) data acquisition 
( 2 )  data processing, analysis, and interpretation algorithm 







I ( 4 )  information processing. 
I 
This report contains an overview of the c o n t r i b u t i o n s  of  the researchers i n  
each of these areas, under this research project. 
DATA ACQUISITION 
As described i n  the Progress Report of May 1982, a prototype of the 
space-borne MAPS instrunent was flown i n  aircraft  f l i g h t  t es t s .  . A  Cessna 
402B carried the MAPS brassboard GFCR i n  low alt i tude t e s t s  conducted over 
the S t .  Petersburg/Clearwater, Florida area i n  August 1978. As p a r t  o f  the 
MONsoon Experiment (MONEX) i n  the summer of  1979, mid-altitude measurements 
were made from a Convair 990, primarily i n  the vicini ty  of the Indian Ocean. 
Data acquired i n  these programs, i n  a d d i t i o n  t o  satisfying the primary ob-  
jectives o f  o b t a i n i n g  localized air pollution measurements, formed a basis 
for comparison with subsequent measurements of the Earth o r b i t i n g  MAPS 
sensor. 
I n  November 1981, the space shuttle Colunbia carried i n t o  earth orbi t  
i t s  f i r s t  sc ien t i f ic  payload. MAPS was one of the five experiments com- 
prising t h i s  payload sponsored by NASA's Office of  Space and Terrestrial 
2 
APpl ! c a t i o n s  (OSTA). 
n a d i r  v iewing d a t a  and underwent f i v e  i n - f l i g h t  c a l i b r a t i o n s .  
payload was launched again i n  October 1984 on board t h e  Space T r a n s p o r t a t i o n  
System (STS) o r b i t e r  Challenger. Dur ing t h i s  8-day mission, t h e  MAPS f l i g h t  
t ape  was f i l l e d  t o  c a p a c i t y  w i t h  105 hours o f  measurements, s e l e c t i v e l y  
recorded according t o  spacec ra f t  a t t i t u d e  and u n d e r l y i n g  Ear th  t a r g e t s .  
F i g u r e  1 shows t h e  da ta - tak ing  ground t racks  o f  t h e  41-610STA-3 f l i g h t .  
The MAPS experiment acqui red t h i r t y - f i v e  hours o f  
The OSTA 
ODU researchers were an i n t e g r a l  pa r t  o f  t h e  t e r n  which supported these 
t w o  s h u t t l e  f l i g h t s  o f  t h e  MAPS experiment. They p a r t i c i p a t e d  i n  p r e - f l i g h t  
hardware i n s t a l l a t i o n  and f u n c t i o n a l  t e s t i n g ,  i n  m iss ion  s imu la t i ons ,  and i n  
pre- launch and launch support,  a l l  a t  t he  Kennedy Space Center (KSC). They 
t r a v e l e d  t o  t h e  Johnson Space Center (JSC) t o  p a r t i c i p a t e  i n  bo th  s imulated 
and ac tua l  m iss ion  a c t i v i t y  o f  t h e  Payload Operat ions Con t ro l  Center (POCC). 
Landing support,  i n c l u d i n g  recove ry  of  f l i g h t  magnetic tape and f i l m  and de- 
i n t e g r a t i o n  o f  hardware, was supported a t  t h e  Dryden Researcn Center (DRC) 
f o r  t h e  OSTA-1 m iss ion  and a t  KSC f o r  OSTA-3. 
One aspect o f  t h e  MAPS experiment data v a l i d a t i o n  p r o g r m  was a s e r i e s  
o f  a i r c r a f t  u n d e r f l  i g h t s  o f  se lec ted  STS o r b i t s .  
were ob ta ined  w i t h  a d u p l i c a t e  sensor and i n  s i t u  i n s t r u n e n t a t i o n .  
OSTA-1 miss ion,  a i r c r a f t  operated over four  l o c a t i o n s :  Fa rmv i l l e ,  V i r g i n i a ;  
Key West, F l o r i d a ;  t h e  P a c i f i c  Ocean, 600 m i l e s  west o f  San Francisco; and 
Melborne, A u s t r a l i a .  ODU personnel ass is ted i n  t h e  i n s t a l l a t i o n  and check- 
o u t  of t h e  experiment hardware on t h e  NASA L e a r j e t  which o v e r f l e w  t h e  two 
eastern Uni ted States t e s t  s i t e s .  Working as experiment crew, ODU 
C o r r e l a t i v e  measurements 
For t h e  -- 
researcners  operated t h e  hardware and gathered me teo ro log i ca l  d a t a  and a i r  
samples f o r  gas chromatographic ana lys i s .  
3 
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I For  t h e  c o r r e l a t i v e  measurement p rog ram o f  b o t h  s h u t t l e  miss ions,  
me teo ro log i ca l  ana lys i s  and weather fo recas t i ng  s e r v i c e s  were r e q u i r e d  t o  
I determine t h e  pr ime l o c a t i o n s  f o r  t h e  a i r c r a f t  u n d e r f l i g h t s .  A d i r e c t  t a p  
I 
t o  t he  S a t e l l i t e  F i e l d  Services O f f i c e  i n  Camp Springs, Maryland, was se t  up 
i n  t h e  U n i v e r s i t y ' s  weather cen te r  d u r i n g  t h e  OSTA-1 miss ion.  
weather s a t e l l i t e s  were t r a n s m i t t e d  r e a l - t i m e  v i a  t h i s  d a t a  l i n k .  These 
Images from 
~ 1 
I s a t e l l i t e  facs im i les ,  a long w i t h  d a t a  r o u t i n e l y  c o l l e c t e d  and cata logued by 
I 
I 
t h e  weather center ,  enabled t h e  s e l e c t i o n  o f  those u n d e r f l i g h t  t a r g e t s  
~ 
w i t h i n  t h e  f u e l  range o f  t h e  a i r c r a f t  w i t h  g r e a t e s t  l i k e l i h o o d  o f  essen- 
t i a l l y  c l o u d - f r e e  sk ies.  
I 
I n  a d d i t i o n  t o  me teo ro log i ca l  paraneters, a v a i l a b l e  r e a l - t i m e ,  upper 
l a i r  analyses o f  temperature, dewpoint depression, and wind f i e l d  da ta  were 
r e q u i r e d  t o  c o n s t r u c t  t h e  atmospheric models needed t o  reduce t h e  g l o b a l  
da ta  se ts .  These analyses were ordered from t h e  Navy's F l e e t  Numerical 
Oceanograpny Center (FNOC) i n  Monterey, C a l i f o r n i a ,  and from NOAA's Nat ional  
C l i m a t i c  Center (NCC) i n  Ashev i l l e ,  North Caro l ina.  The computer compat ib le  
tapes t r a n s m i t t e d  were decoded and converted t o  l o c a l l y  access ib le  computer 
f i l e s .  The p o l a r  s tereographic  and rec tangu la r  g r i dded  analyses were Val i- 
dated th rough  in tercompar isons and through comparisons t o  r e a l - t i m e  meteo- 
r o l o g i c a l  measurements and c l ima to logy .  
Other support  d a t a  were requ i red .  JSC supp l i ed  t h e  Best Est imated 
T r a j e c t o r y  (BET) product f o r  t h e  OSTA-1 mission and t h e  o n - o r b i t  P o s t f l i g h t  
A t t i t u d e  and T r a j e c t o r y  H i s t o r y  (PATH) data f o r  t h e  OSTA-3 mission. World- 
wide radiosonde launch in fo rma t ion  was obtained from t h e  NMC. Ohio S ta te  
U n i v e r s i t y  supp l i ed  a g r i d  1" x 1" o f  mean topographic  e l e v a t i o n s  o r  bathy- 
m e t r i c  depths. 
Mapping Agency Aerospace Center i n  S t .  Louis. 
The p r imary  source o f  t h i s  l a t t e r  da ta  se t  was t h e  Defense 
As was t r u e  w i t h  t h e  upper 
5 
a i r  analyses, these d a t a  s e t s  were a l so  received on computer compat ib le  
tapes, each having a unique s torage format which r e q u i r e d  convers ion by ODU 
personnel f o r  access and use a t  LaRC. 
DATA PROCESSING, ANALYSIS, AND INTERPRETATION ALGORITHMS 
Extensive t e s t i n g  o f  t h e  MAPS instrument was conducted p r i o r  t o  t h e  
OSTA-1 1 aunch. A s tandard ized acceptance t e s t  procedure was f o l  lowed b e f o r e  
and a f t e r  every r e l o c a t i o n  o f  t h e  i ns t runen t  t o  evaluate f u n c t i o n a l  perform- 
ance. To v e r i f y  t h a t  t h e  MAPS hardware would f u n c t i o n  p r o p e r l y  i n  t h e  
environment o f  space f l i g h t ,  t h e  instrument underwent a s e r i e s  o f  compl iance 
t e s t s :  v i b r a t i o n a l ,  thermal vacuun, and e lect ro inagnet ic  i n t e r f a c e  (EMI) . 
A f t e r  i n s t a l l a t i o n  o f  t h e  s c i e n t i f i c  hardware on t h e  OSTA p a l l e t ,  i n t e g r a -  
t i o n  t e s t i n g  and a f i n a l  end-to-end check o u t  were conducted i n  t h e  Veh ic le  
Assembly B u i l d i n g  a t  KSC. 
I n s t r u n e n t  C a l i b r a t i o n  
P r i o r  t o  t h e  STS-2/0STA-1 f l i g h t ,  the i n s t r u n e n t  was c a l i b r a t e d  i n  a 
l a b o r a t o r y  a t  room temperature. 
a thermal vacuun chamber a t  a v a r i e t y  o f  i n s t r u n e n t  temperatures.  
t h e  ac tua l  mission, d a t a  were acquired wh i l e  t h e  i n s t r u n e n t  was v iewing deep 
space which al lowed t h e  de te rm ina t ion  o f  t h e  zero p o s i t i o n .  
Fol lowing t h e  f l i g h t ,  i t  was c a l i b r a t e d  i n  
Dur ing 
P r e f l i g h t  
The MAPS inst rument  p r e f l i g h t  c a l i b r a t i o n  t e s t s  were c a r r i e d  o u t  i n  a 
l a b o r a t o r y  a t  an ambient temperature o f  298 K. These t e s t s  determined t h e  
magnitude o f  t h e  ou tpu t  noise,  t h e  rad iomet r i c  r e s p o n s i v i t y ,  t h e  degree o f  
l i n e a r i t y  o f  t h e  ou tpu t  s i g n a l  response, vo l tage  o f f s e t s ,  and t h e  repea t -  
a b i l i t y  o f  t h e  instrument fo r  each o f  i t s  t h r e e  channels: V, c o n t a i n i n g  an 
6 
evacuated ce l l ;  A V ,  containing a h i g h  pressure (266 torr) CO ce l l ;  and A V I ,  
conta in ing  a low pressure (76 torr) CO cel l .  
The specially designed calibration system controls independently the 
composition, total  pressure, and temperature of the gas mixture contained i n  
a calibration cel l  of length 0.5 meter. The system also varies the ternpera- 
ture of a h i g h  quality calibration blackbody between 238 K and 345 K. 
measured temperatures and pressures o f  the  gas mixtures, blackbody target 
temperatures, instrument o u t p u t  voltages, and other housekeeping signals 
were recorded d u r i n g  each step of the calibration testing procedure. 
The 
The recorded d a t a  were used i n  conjunction with a line-by-line r a d i -  
at ive transfer progran t o  compute the instrunent radiometric c a l i b r a t i o n  
constants. 
lated the radiance values, L, A L ,  and AL', which corresponded t o  the t e s t  
conditions for each of the measured signal o u t p u t  voltages of the three 
instrunent cnannels, V,  A V ,  and A V I .  
For a given set  of  t e s t  condi t ions ,  th i s  computer program calcu- 
The V channel calibration constants, R and 8 ,  for each instrument main- 
frame temperature, which i s  known t o  De the same as TBt32, were determined by 
the least  squares solutions t o  the calibration t e s t  d a t a  such t h a t  
V where R (TBB2)  i s  the responsivity (vol tdwatt  cm-2 s r - l )  and B(TBB2)  i s  the 
offset  voltage. The total i n b a n d  radiances for the target blackbody, 
Lt arget' 
u s i n g  t h e  1 ine-by-line radiative transfer calculations. 
and for the internal reference blackbody, LBB1, were calculated 
7 
The relationship between the o u t p u t  voltage signals for  the A V  and AV' 
channels and the target radiometric signals A L  and A L '  i s  given by 
( v  , TBi32 j AV A t arge t = CR ( T B B 2 ) 1 [ A L t a r g e t  1 + "ref 
where RAv ( T B B Z )  are the instrunent temperature dependent 
and R A v '  (TBB2) responsivities, 
are the calculated scene radiances for the A V  and 
A V '  gas channels, respectively, and 
A Lt arget 
and AL ' t a rge t  
A V r e f  [v, TBB21 
and A V I ref [ V ,TBB2] 
are the zero reference offset  balance voltages for 
the A V  and A V '  channels. 
The magnitude of the offset  voltages i s  dependent b o t h  on the instrument 
temperature, TBB2, and on the magnitude of the target radiance as indicated 
by the V channel o u t p u t  signal, V.  
Preflight the irlAPS instrunent was very stable. The repeatabil i ty of 
the calculated constants was better t h a n  2 2 percent for testing performed 
a t  approximately the same instrunent temperature. 
three channels remained constant a t  1.7 x lo7 watts cm-* s r - l  f o r  the V 
channel and 5.7 x watts cm-* sr-l fo r  the A V  and A V '  channels. 
The noise level on a l l  
Pos t f l  i g h t  
The 1 arge v a r i a t i o n  i n  cool a n t  loop temperature encountered d u r i n g  the 
space f l i gh t  necessitated an extensive set o f  postflight t e s t s  and 
8 
c a l i b r a t i o n s  t o  c h a r a c t e r i z e  t h e  i n s t r u n e n t  as a f u n c t i o n  o f  i n s t r u n e n t  
temperature. 
chamber capable of achiev ing a pressure o f  1 x lo-' t o r r .  
The c a l i b r a t i o n s  were c a r r i e d  ou t  i n  a c r y o g e n i c a l l y  pumped 
The i n s t r u n e n t  
upper r a i  1 
secondary 
was mounted on a heat t r a n s f e r  baseplate and suspended from t h e  
o f  t h e  chamber. A secondary gas c a l i b r a t i o n  r e f e r e n c e  c e l l  and 
standard apparatus rep laced t h e  MAPS f l i g h t  camera. The gas ce  1 was 
i n s e r t e d  and removed from t h e  space between t h e  o p t i c a l  p o r t  o f  t h e  i n s t r u -  
ment and t h e  secondary standard blackbody. 
I 
I 1 The basepl a te  and secondary standard blackbody were connected t o  e x t e r -  
I 
na l  thermal c o n t r o l  u n i t s  so t h a t  t h e i r  temperatures cou ld  be v a r i e d  inde-  
pendent ly .  Thermistors  s i m i l a r  t o  t h e  i n t e r n a l  t h e r m i s t o r s  o f  t h e  MAPS 
experiment were used t o  measure t h e  temperature o f  t h e  secondary standard 
blackbody and t h e  temperature o f  t h e  2.12-cm long secondary standard r e f e r -  
ence gas c e l l .  Test c o n d i t i o n s  are d e t a i l e d  i n  Table 1. 
~ 
The r e s u l t s  f rom t h e  e n t i r e  s e t  o f  t e s t  c o n d i t i o n s  were used t o  de te r -  
mine t h e  c a l i b r a t i o n  constants  f o r  t h e  i ns t runen t .  
n e l  was an e s s e n t i a l l y  l i n e a r  f u n c t i o n  o f  t h e  i n p u t  s i g n a l .  
s i v i t y ,  i.e., t h e  s lopes o f  t h e  c a l i b r a t i o n  curves, v a r i e d  n e a r l y  l i n e a r l y  
as a f u n c t i o n  of  i n s t r u n e n t  temperature. However, t n e  zero o f f s e t s  o f  t n e  
A V  and A V '  channels, i n  a d d i t i o n  t o  be ing a f u n c t i o n  o f  t h e  i n s t r u n e n t  tem- 
perature,  were n o n - l i n e a r l y  r e l a t e d  t o  the V channel s igna l .  
The ou tpu t  o f  each chan- 
The respon- 
I 
I n f l  i g h t  
A s  noted e a r l i e r ,  t h e  MAPS instrument was exposed t o  v e r y  l a r g e  c o o l a n t  
These v a r i a t i o n s  were l o o p  temperature v a r i a t i o n s  d u r i n g  t h e  STS-2 miss ion.  
so l a r g e  and so r a p i d  t h a t  i t  was no t  possible,  i n  general ,  f o r  t h e  i n s t r u -  
ment t o  achieve a proper balanced c o n d i t i o n  d u r i n g  t h e  22-minute balance 
9 
Table 1. Test conditions for postflight instrunent characterization t e s t s .  
Second ar y S t  and ar d 
Instrument Temperature Secondary Standard Reference Cell 
Target Temperature Gas Mixtures 
(Kelvins) ( Kel v i  n s) (Percent CO by Volune) 
272.66 273.16* 2.5 
276.66 280.16** 3.8 




*Target temperature used i n  calibration of V channel only. 
**Target temperature equivalent t o  MAPS inf l  i g h t  cal i b r a t i o n  blackbody 
temper a t  ur es . 
10 
cyc le .  
hours before t h e  end o f  t h e  mission, was a good balance achieved. 
Only d u r i n g  t h e  f o u r t h  rebalance attempt, which occurred about 13 
The i n s t r u n e n t  temperature was almost t h e  same d u r i n g  t h e  f o u r t h  and 
f i f t h  o n - o r b i t  b a l a n c e / c a l i b r a t e  cyc les,  and i t  was n e a r l y  cons tan t  d u r i n g  
t h e  rebalance cyc les;  however, t h e  i n s t r u n e n t  temperature v a r i e d  between 
227 K and 285 K du r ing  t h e  da ta  a c q u i s i t i o n  p e r i o d  between these two b a l -  
a n c e / c a l i b r a t e  cyc les.  
inst rument  temperature dev ia tes  from t h e  balance temperature, i t  was neces- 
sa ry  t o  determine t h e  zero re fe rence  s igna l  as a f u n c t i o n  o f  i n s t r u n e n t  
temperature f o r  t h e  p e r i o d  between t h e  f o u r t h  and f i f t h  b a l  ance/cal i b r a t e  
cyc les .  
was v iew ing  deep space, which i s  a known and s t a b l e  source. 
Because t n e  zero re fe rence  s i g n a l  cnanges as t h e  
T h i s  was accomplished by us ing  data acqui red w h i l e  t h e  i n s t r u n e n t  
STS-41G/OSTA-3 Ref1 i g h t  
I n  p r e p a r a t i o n  f o r  t h e  r e f l i g h t  o f  the MAPS experiment as a component 
o f  t h e  OSTA-3 payload, t h e  i n s t r u n e n t  entered t h e  T/V chamber again i n  Feb- 
r u a r y  1984. Appendix I con ta ins  t h e  r e s u l t s  o f  t h i s  c a l i b r a t i o n .  
The occurrence o f  t h e  OSTA-1 temperature excu rs ions  made t h e  MAPS ex- 
per iment t e r n  aware of t h e  need f o r  a d d i t i o n a l  i n f l i g h t  c a l i b r a t i o n  data.  
Data takes w i t h  t h e  MAPS sensor v iewing deep space were added t o  t h e  41- 
G/OSTA-3 i n t e g r a t e d  payload command p lan.  These space look  c a l i b r a t i o n  
p o i n t s  were taken a t  l e a s t  t w i c e  d a i l y  du r ing  i n e r t i a l  maneuvers by t h e  
s h u t t l e .  A b e t t e r  
c h a r a c t e r i z a t i o n  o f  t h e  zero re fe rence  s igna l  as a f u n c t i o n  o f  i n s t r u n e n t  
temperature w i l l  r e s u l t .  
Ana lys i s  of t h i s  i n f l i g h t  c a l i b r a t i o n  i s  i n  progress.  
Two o t h e r  s i g n i f i c a n t  changes t o  t h e  MAPS experiment were made as a 
r e s u l t  o f  exper ience gained du r ing  the  i n i t i a l  space f l i g h t  o f  t h e  MAPS 
11 
i n s t r u n e n t .  
two s igna ls ,  t h e  vacuun channel s igna l  and t h e  housekeeping p a r m e t e r  R 
s igna l ,  t o  f a l l  w i t h i n  t h e  range o f  t h e  A/D conve r te r .  
reco rde r  a c t i v a t e  and i n h i b i t  command c a p a b i l i t y  was implemented t o  enable 
E l e c t r o n i c  m o d i f i c a t i o n s  were made t o  decrease t h e  v o l t a g e s  o f  
Second, a tape  
s e l e c t i v e  d a t a  sampling. 
A t r a n s p o r t a b l e  IBM-PC system was acquired f o r  use b y  t h e  OSTA-3 pay- 
load opera t i ons  c o n t r o l  t e r n  who worked a t  JSC. The p o t e n t i a l  e x i s t s  f o r  
t h i s  computer system t o  p rov ide  some r e a l - t i m e  d a t a  ana lys i s .  
system's p r imary  f u n c t i o n s  d u r i n g  the  OSTA-3 f l i g h t  o f  t h e  MAPS exper iment 
were as mon i to r  and reco rde r .  Software modules were w r i t t e n  t o  
However, t h e  
- d i s p l a y  t imes and MAPS experiment s t a t u s  
- en te r  comments i n t o  a f l  i g h t  l o g  
- p r i n t  a l l  o r  p a r t  o f  t h e  f l i g h t  log 
- simul a te actual  commands telemetered t o  t h e  i n s t r u n e n t  
- r e c o r d  onboard temperatures 
- d i s p l a y  a d i r e c t o r y  o f  p o t e n t i a l  experiment m a l f u n c t i o n s  w i t h  
c o r r e c t i v e  ac t i on (  s )  
- a l e r t  exper imenter t o  t e s t  c o n d i t i o n s  such as rebalance due o r  
approaching end o f  r e c o r d i n g  capac i t y .  
I n f o r m a t i o n  acqui red w i t h  t h i s  personal  computing system has proven u s e f u l  
i n  t h e  p o s t f l i g h t  OSTA-3 da ta  reduc t i on ,  which i s  now i n  progress.  
Data Reduction 
Major steps i n  t h e  procedure whereby CO m ix ing  r a t i o s  were i n f e r r e d  
from t h e  OSTA-1 MAPS experiment d a t a  a re  shown i n  F ig .  2. ODU researchers 
c o n t r i b u t e d  i n  va ry ing  degrees t o  t h e  successful  complet ion o f  each branch 
































c a l i b r a t i o n  as p r e v i o u s l y  discussed, ODU personnel had p r imary  responsi -  
b i l i t y  for  t h e  lower branch o f  t h e  f l o w  char t .  
The MAPS experiment d i d  n o t  measure atmospheric temperature, so t h i s  
da ta  was obta ined from t h e  FNOC i n  t h e  form o f  g r i dded  me teo ro log i ca l  n o r t h -  
e r n  and southern hemispheric analyses f o r  0 Z and 12  Z o f  t h e  m i s s i o n  
pe r iod .  To inco rpo ra te  atmospheric temperature i n t o  t h e  r e g r e s s i o n  method, 
t h e  temperature p r o f i l e  was descr ibed as a s i n g l e  parameter, TSF? d e f i n e d  as 
IP'Omb - T(P) SF(P)dP 
P=10OOm 
- 




where P = t h e  pressure o f  t h e  standard FNOC pressure l e v e l s  
T = t h e  mean temperature between leve ls ,  and 
- 
SF = t h e  va lue o f  t h e  s i g n a l  f u n c t i o n  f o r  each o f  t h e  l a y e r s .  
The s i g n a l  by t h e  i n s t r u n e n t  rece ived  has t h e  i n h e r e n t  p r o p e r t y  o f  be ing 
i n t e g r a t e d  over a l t i t u d e .  I n  a s i m i l a r  manner, t h e  T i s  an average tem- 
perature,  v e r t i c a l l y  weighted ( b y  t h e  s ignal  f u n c t i o n )  over t h e  depth o f  t h e  
atmosphere. 
f o r  each a n a l y s i s .  Through s p a t i a l  and temporal l i n e a r  i n t e r p o l a t i o n ,  t h e  
gr idded TSF f i e l d s ,  i n  combinat ion w i t h  the spacec ra f t  ephemeris data, were 
used t o  produce va lues o f  TSF corresponding t o  t h e  l a t i t u d e ,  l ong i tude ,  and 
t ime  o f  each l o c a t i o n  where CO da ta  were acquired. 
SF 
Gridded TSF values were computed f o r  each gas c e l l  channel and 
The cha rac te r  o f  t h e  under l y ing  sur face and t h e  measure of  t h e  s o l a r  
z e n i t h  angle are t w o  o the r  parameters provided as p a r t  o f  t h e  met f i l e .  The 
t e r r a i n  d a t a  were se lec ted  from a Defense Mapping Agency t e r r a i n  a n a l y s i s  o f  
14 
1" x 1" r e s o l u t i o n .  
c a l c u l a t e d  as a f u n c t i o n  o f  l a t i t u d e ,  longi tude,  and t ime.  
Solar z e n i t h  angles a t  each s u b s a t e l l i t e  p o i n t  were 
DATA DISPLAY TECHNIQUES 
Computer generated graphics were used e x t e n s i v e l y  as a method o f  sum- 
mar i z ing ,  analyzing, and p resen t ing  data. O f f s i t e ,  t h e  hardware used f o r  
p l o t t i n g  was t h e  Tek t ron i x  4052 desktop graphics system. Onsi te  a t  LaRC, 
p l o t  vec to r  f i l e s  were generated by  a network o f  CDC Cyber mainfranes, and 
images were postprocessed t o  d r i v e  t h e  Varian, Versatec, and CalComp p l o t -  
t e r s .  Both b l a c k  on wh i te  and m u l t i c o l o r e d  p l o t s  were produced. 
Mathematical and s t a t i s t i c a l  sof tware marketed by Tek t ron i x  was exe- 
cuted t o  generate hundreds o f  working p l o t s  l i k e  t h e  p r e f l i g h t  c a l i b r a t i o n  
curve shown i n  Fig.  3. These graphs provided qu ick  l ooks  a t  t h e  l i n e a r i t y  
o f  d a t a  se ts .  The sof tware al lowed f o r  data e n t r y  f rom keyboard, d i s k ,  o r  
tape, and computed goodness o f  f i t  measures i n c l u d i n g  R-square, r e s i d u a l  
e r r o r ,  and maximum absolute e r r o r .  Both s imple and polynomial  r e g r e s s i o n  
curve f i t t i n g  was a v a i l a b l e ,  and regress ion c o e f f i c i e n t s  cou ld  be c a l c u l a t e d  
and d i spl  ayed. 
A genera l  u t i l i t y  p l o t t i n g  progran was coded in-house and executed 
e x t e n s i v e l y  on t h e  Tek t ron i x  system. 
o f  c o o r d i n a t e  p a i r s  on e i t h e r  l i n e a r  o r  l o g a r i t h m i c  axes. 
t r o l l e d  sca le  f a c t o r s ,  t i t l e s ,  symbols, and o p t i o n a l  l e a s t  squares f i t s  t o  
t h e  data.  
4. 
w i t h i n  f i v e  l a t i t u d i n a l  bands over t h e  t ime p e r i o d  o f  t h e  OSTA-1 f l i g h t .  
Such p r o f i l e s  were needed fo r  t h e  c o n s t r u c t i o n  o f  t h e  atmospheric models 
r e q u i r e d  i n  t h e  d a t a  r e d u c t i o n  process. 
The progran d i sp layed  one o r  more s e t s  
The user con- 
Temperature p r o f i l e s  p l o t t e d  w i t h  t n i s  u t i l i t y  a re  shown i n  F ig .  


















































A g raph ics  package o r i g i n a l l y  developed a t  t h e  Na t iona l  Center f o r  
Atmospheric Research (NCAR) has been implemented a t  t h e  LaRC c e n t r a l  com- 
p u t i n g  complex. Among o t h e r  c a p a b i l i t i e s ,  t h i s  package generates contour  
p l o t s  o f  e q u a l l y  spaced d a t a  and geographic o u t l i n e s  i n  n i n e  d i f f e r e n t  p ro -  
j e c t i o n s .  This  so f tware  was used t o  produce F ig .  5. It snows 50 mb temper- 
a tu re  f i e l d s  taken from an NMC a n a l y s i s  and drawn on t o p  o f  a p o l a r  s te reo -  
g raph ic  p r o j e c t i o n  o f  t h e  n o r t h e r n  hemisphere. 
were used t o  compare me teo ro log i ca l  analyses t o  ac tua l  measurements o f  atmo- 
s pher i c par m e t e r s  . 
Contour p l o t s  o f  t h i s  t y p e  
F i g u r e  6 combines t h e  NCAR g raph ics  c a p a b i l i t i e s  w i t h  t h e  standard LaRC 
graphics l i b r a r y  programs. It enables a r a p i d  a s s o c i a t i o n  o f  i n f e r r e d  C O  
va lues w i t h  t h e  l o c a t i o n s  where t h e  da ta  were acqu 
Another use o f  computer generated graphics as 
i l l u s t r a t e d  i n  F ig .  7. The c y c l i c  v a r i a t i o n s  w i t h  
s igna l  and o f  t h e  i n t e r n a l  re fe rence  blackbody (BB 
red .  
a d a t a  ana lys i s  t o o l  i s  
t i m e  o f  t h e  V channel 
) temperature are e v i -  
dent.  
channel response t o  a change i n  t h e  temperature of  681. 
Th is  and s i m i l a r  p l o t s  revealed the two second t ime d e l a y  in t-he V 
INFORMATION PROCESSING 
I n  p a r a l l e l  w i t h  t h e  development o f  the MAPS experiment i t s e l f ,  t h e  
exper iment t e r n  i n t e r f a c e d  w i t h  o t h e r  persons and o r g a n i z a t i o n s  i n v o l v e d  
w i t h  t h e  e n t i r e  OSTA payload and t h e  Space T ranspor ta t i on  System. 
work ing group sessions, te lecons,  docunentation, and memos, o p e r a t i o n a l  
procedures were agreed upon which maximized t h e  achievement o f  o b j e c t i v e s  b y  
a l l  exper imenters and compl i e d  w i t h  s h u t t l e  o p e r a t i o n a l  and s a f e t y  r e q u i r e -  
ments. ODU researchers p a r t i c i p a t e d  i n  meetings such as t h e  Payload Oper- 
a t i o n s  Working Group (POWG) a t  JSC and the Payload Ground Operat ions Working 
Through 
18 
I F i g .  5. 50 mb temperature f ie lds  for October 6 ,  1984, 12 Z .  
I 
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F ig .  6. CO mix ing  r a t i o s  measured by the MAPS experiment du r ing  O r b i t  31  o f  
f l i g h t  STS-2/0STA-l. 
20 
0 m m 
03 0 03 In Lc) =T 
0 s  s s 
a3 I I I 
> 































111111111111 I I I I I I I I I I I I I I I I I I  
I 
2 1  
ODU researchers were a c t i v e  
l o g i c a l  exchange. They gave 
v e r s i t y  seminars t o  i n t e r n a t  
co- aut hored t e c h n i c a l  papers 
o r a  
ona 
f o r  
Group (PGOWG) a t  KSC. Pmong t h e  volunes o f  docunentat ion which ODU person- 
ne l  helped d r a f t ,  review, modify, and rev iew again were t h e  Test and Assem- 
b l y  Procedures (TAP) , t h e  Ground In te r face  Requirements Docunent (GIRD), and 
t h e  Payload I n t e g r a t i o n  Plan (PIP).  
i n  o ther  avenues o f  s c i e n t i f i c  and techno- 
presentat ions a t  events rang ing  from u n i -  
s c i e n t i f i c  conferences. They authored and 
b o t h  i n t e r n a l  use and p u b l i c  c i r c u l a t i o n .  
Appendix I1 i s  a l i s t i n g  o f  t h e  j o u r n a l  a r t i c l e s ,  t e c h n i c a l  papers, and o r a l  
p resen ta t i ons  o f  ODU personnel d u r i n g  the p e r i o d  covered by  t h i s  r e p o r t .  
The MAPS experiment has been guided s i n c e  i t s  i n c e p t i o n  b y  a Science 
Tern drawn from academia and research o rgan iza t i ons  l oca ted  across t h e  
n a t i o n  and abroad. 
t h e  design and da ta  c o l l e c t i n g  phases o f  t h e  experiment, b u t  a l so  t h e y  have 
i n t e r e s t  i n  f u r t h e r  s p e c i a l i z e d  s tudy  o f  t h e  d a t a  acquired. To f a c i l i t a t e  
t h e i r  s tud ies,  members o f  t h e  Science Team have been prov ided d a t a  rang ing  
i n  format from copies o f  magnetic tapes c o n t a i n i n g  me teo ro log i ca l  analyses 
t o  m u l t i c o l o r e d  p l o t s  o f  t h e  g l o b a l  d i s t r i b u t i o n  o f  i n f e r r e d  CO. 
Not o n l y  have these s c i e n t i s t s  prov ided e x p e r t i s e  d u r i n g  
The OSTA-1 d a t a  s e t  i s  c u r r e n t l y  a v a i l a b l e  t o  t h e  s c i e n t i f i c  community 
a t  l a r g e  through t h e  Nat ional  Space Science Data Center (NSSDC) i n  
Washington, D.C. 
j e c t o r y ,  and me teo ro log i ca l  par m e t e r s ,  a1 ong w i t h  suppor t i ng  doc unent a t  i on, 
were t u r n e d  over t o  the  ilSSDC. Likewise, when t h e  OSTA-3 d a t a  r e d u c t i o n  has 
been completed, t h i s  da ta  se t  w i l l  a l so  be achieved a t  t h e  NSSDA. 
I n  a d d i t i o n  t o  t h e  i n f e r r e d  CO data, r e l e v a n t  t ime, t r a -  
APPENDIX I 
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M E M 0 R A N D U P. 
TO : Warren Hyoes 
FROM: Joe Casas and M a r v  Saylor 
DATE : August 5 ,  1985 
- :J ------- CHANNEL 
I. Generate t ime h i s t o r v  of  t h e  emi t t i na  sur face of  BB-I 
a. 7 5 per iod  of  BE1 (seconds) i s -  given b.; a s i m 1 E  
rearess ion  equation (See attachment A )  
b .  hc 2 pea):. t o  peal: amolitude i s  9.32 1.; and is indeoendent 
of  mainframe temoerature TBB2 
c.  V channel s igna l  output lags t h e  BE1 thermis to r  r e a d i n c  
by 2 seconds and is indeoendent o f  TFBZ 
a. k V channel resoons iv i t v  as a f u n c t i o n  of  TEE2 (1::; 
(See attachment B) 
b.  OFFSET e V channel o f f s e t  vo l tage as a f u n c t i o n  o+ 
TBB2 (K )  (See attachment C) 
c. NBBl = rad iance o f  BB1 as a f u n c t i o n  of TBEl ( K )  
(See attachment. D) 
1. Ca lcu la te  A V  and AV' vol tages us ino t h e  
ze ro  r e f  zero r e f  
b i v a r i a t e  f i t  c o e f f i c i e n t s  (See attachments E and F ) .  
a. A V  (V.TBBZ), where V i s  t h e  V channel s igna l  i n  
zero r e f  
v o l t s  and TBB2 i s  the mainframe temoerature TFB2 ( I < )  
1-1 
b. 
C .  
a. c? &. 
b. 
. .  
.. 
4 V '  (V.TBB2).  where V i s  t he  V channel s iana l  i~ 
:ero r e f  
v o l t s  and TBBZ i s  the mainframe temoerature TBB2 ( t  ) 
Prooram CKFIT84/UN=777475E 
A N  = (1/R ) : ( AV - A V  1 
DATA A V  DATA zero r e f  
- 
R = the  resoons iv i t y  o f  t h e  AV channel as a func t i on  
A V  
of TBB2 (See attachment 6 )  
d V '  = ( l / R  1 t ( A V '  - AL" \ 
DATA AV' DATA zero r e f  
R = t h e  r e m o n s i v i t v  o f  t h e  d V '  channel as a 
f u n c t i o n  of Tbb2 (See attachment H1 
4 V '  
9. This  approach should be used on t h e  OSTA-3 f l i a h t  data dur ino 
oer iods  of  temoerature s t a b l e  cond i t ions  f o r  TBBZ. i.e.. w h e n  
t h e  da ta  a re  taken a t  a TBB2 temperature which is wi th i r ;  
1.5 K o f  t h e  TBB2 temperature dur ing  the  balance cyc le.  
4. Resu l ts  o f  t h e  A V '  channel resoons iv i t v  (spread i n  data) 
reflect a need f o r  f u r t h e r  studv as prev ious ly  discussed. 
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